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Abstract
Higher derivative terms in M-theory are investigated by applying the Noether method.
Cancellation of variations under the local supersymmetry is examined to the order linear
in F by a computer program. Structure of R4 terms is uniquely determined and exactly
matches with one-loop effective terms in type IIA superstring theory. A part of R3F 2
terms is also determined.
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1 Introduction
Superstring theory is promising as a theory of quantum gravity, and interactions of strings
are described by supergravity in the low energy limit[1, 2]. Scattering amplitudes of strings
also contain higher derivative interactions which are not included in the supergravity[2].
Since these terms correspond to quantum or stringy effects of the gravity, it is important to
determine the structure of these corrections completely.
Among the higher derivative terms, quadratic and quartic terms of Riemann tensors in
heterotic string theories and quartic terms of Riemann tensors in type II superstring theories
are considerably investigated in the last twenty years from various viewpoints. In heterotic
superstring theories, the existence of the R2 terms is crucial to supersymmetrize the Lorentz
Chern-Simons term[3]-[7]. The cancellation of the gravitational anomaly inevitably introduce
the higher derivative terms BR4, known as Green-Schwarz anomaly cancellation terms[8],
and the R4 terms are necessary to supersymmetrize it[9]-[11]. The structure of the R4 terms
in heterotic string theories are also investigated by evaluating tree or one-loop amplitudes in
refs. [12]-[18].
In type II superstring theories, tree level effective action, e−2φ(t8t8R
4 + 18ǫ10ǫ10R
4),
is obtained by combining results of four graviton scattering amplitude and 4-loop com-
putation in sigma-model[19, 15, 20]. The effective action at one-loop order consists of
t8t8R
4 ∓ 18ǫ10ǫ10R
4 − 16 t8ǫ10BR
4, where the minus is for type IIA and the plus sign is for
type IIB. The sign is sensitive to the chirality of the theory[21, 22], and the last term in
the one-loop effective action is introduced to ensure the string-string duality between type
IIA on K3 and heterotic string on T 4[23, 24]. Under this duality, the last term is related
to the Green-Schwarz anomaly cancellation term in the effective action of heterotic super-
string theories. The local supersymmetry also relates the BR4 terms and the R4 terms[25].
Pure-spinor formalism is also powerful to derive the higher derivative terms[26, 27]. More
detailed information and other techniques for searching the higher derivative corrections in
string theory will be found, for example, in refs. [25, 28].
The higher derivative corrections in M-theory are obtained by lifting the above type IIA
result to eleven dimensions. It is also possible to directly confirm the existence of higher
derivative terms in eleven dimensions from the scattering amplitudes of superparticles[29]-
[32] or superspace formalism[33]-[37].
This paper is a successive work of refs. [38, 39], where the structure of higher derivative
terms in M-theory is investigated by applying the Noether method. There the cancellation
is checked by neglecting variations which depend on 4-form field strength F . In this paper
we examine the cancellation of terms which are linearly dependent on F . Since the number
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of terms in the ansatz and that of the variations are enormous, a computer program will be
employed to complete this task. We will see that the local supersymmetry is powerful enough
to determine the structure of R4 terms uniquely. A part of R3F 2 terms is also determined,
but the cancellation of O(F 2) terms will be necessary to fix completely.
The contents of our paper is as follows. In section 2 we briefly review N = 1, D = 11
supergravity and R4 corrections from the viewpoint of local supersymmetry. In section 3
the ansatz for the higher derivative corrections R3F 2 and their variations are explained.
In section 4 we show the results obtained by using the computer program. We find that
the structure of R4 terms is uniquely determined and is consistent with one-loop scattering
amplitudes in type IIA superstring theory. Section 5 is devoted to conclusion and discussion.
2 Review of Eleven Dimensional Supergravity and R4 Cor-
rections
In this section we briefly fix notations of the eleven dimensional supergravity[40], and review
R4 corrections in M-theory[38, 39]. The supermultiplet of the eleven dimensional supergrav-
ity consists of a vielbein eaµ, a Majorana gravitino ψµ and a 3-form field A, and up to the
order of O(ψ4) the action is given by
2κ211S =
∫
d11x e
(
R−
1
2
ψ¯ργ
ρµνψµν −
1
2 · 4!
FµνρσF
µνρσ
)
−
1
3!
∫
A ∧ F ∧ F +O(ψ4). (1)
In this note we use Dµ for the ordinary covariant derivative which acts on the local Lorentz
indices, and Dµ for a covariant derivative modified by the 4-form field strength like
Dµψν = Dµψν + Fµψν , Fµ = −
1
36
Fµijkγ
ijk +
1
288
Fijklγµ
ijkl. (2)
The field strength of the Majorana gravitino is defined by the modified covariant derivative
as ψµν = 2D[µψν]. The symbol [µ1 · · ·µn] means that the indices inside the brackets are
completely antisymmetrized with a factor 1
n! for each term. Note that µ, ν etc. are space-
time indices and a, b, i, j etc. are local Lorentz indices.
The action (1) possesses N = 1 local supersymmetry in eleven dimensions, under which
the fields transform as
δeaµ = ǫ¯γ
aψµ, δψµ = 2Dµǫ, δAµνρ = −3ǫ¯γ[µνψρ]. (3)
Here ǫ is a space-time dependent parameter which transforms as a Majorana spinor. In order
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to check the invariance of the action, it is worth noting the commutation relation
[Dµ,Dν ] =
1
2RabµνT
ab − 118 (D[µFν]ijk)γ
ijk + 1144(D[µF
ijkl)γν]ijkl
+ 11728F
2
ijklγµν +
1
216FijklFijk[µγν]l −
1
48FµiklFνjklγij +
1
72FijklFijm[µγν]klm
+ 1108FµνijFiklmγjklm −
1
576FijklFijmnγµνklmn −
1
432FijklFimn[µγν]jklmn (4)
+ 1864FµijkFνlmnγijklmn −
1
2592FijklFmno[µγν]ijklmno +
1
41472FijklFpqrsγµνijklpqrs,
where T ab is a generator of the Lorentz algebra, (T ab)ij = 2δ
[a
i δ
b]
j for vector representation
and T ab = 12γ
ab for spinor one. The variation of the kinetic term for the Majorana gravitino
is equal to −2ψ¯aγ
abc[Db,Dc]ǫ up to O(ψ
2), and after some calculations it becomes
−2ψ¯aγ
abc[Db,Dc]ǫ = E(e)
ab ǫ¯γbψa + 3E(A)
abc ǫ¯γbcψa +O(ψ
2). (5)
Here E(e)ab and E(A)
abc are field equations of the vielbein and the 3-form field. Explicit
expressions of the field equations are written as
E(e)ab = 2Rab − ηabR−
1
6FaijkFbijk +
1
48ηabFijklF
ijkl,
E(ψ)a = −γabcψbc, (6)
E(A)abc = 16DdF
dabc − 148·144ǫ
abcijklmnop
11 FijklFmnop.
E(ψ)a is the field equation of the Majorana gravitino. Thus the right hand side of (5)
can be cancelled by the variations of the bosonic terms and the invariance under the local
supersymmetry is shown up to O(ψ2). Note also that the integrability condition [Dµ,Dν ]ǫ =
0 automatically satisfies the classical equations of motion.
Now let us review the higher derivative corrections to the eleven dimensional supergravity
from the viewpoint of the local supersymmetry. Corrections start from terms with mass
dimension eight which are composed of the Riemann tensors, the 4-form field strengths, the
covariant derivatives and the Majorana gravitinos. The mass dimensions of these components
are 2, 1, 1 and 12 , respectively. The duality between type IIA superstring theory and M-
theory suggests that the ansatz for the higher derivative terms should include the R4 terms.
Furthermore the ansatz will be simplified by using the field redefinition ambiguity. That is,
with the aid of the relations
R = −19E(e)
a
a +
1
144FijklF
ijkl,
Rab =
1
2E(e)ab −
1
18ηabE(e)
i
i +
1
12FaijkFbijk −
1
144ηabFijklFijkl,
γabψab = −
1
9γaE(ψ)
a, (7)
γbψab =
4
9E(ψ)a −
1
18γabE(ψ)
b,
DdF
dabc = 6E(A)abc + 124·144ǫ
abcijklmnop
11 FijklFmnop,
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it is always possible remove terms from the ansatz which partially include R, Rab, γ
abψab,
γbψab or DdF
dabc. Then the ansatz without 4-form field strength is classified into 4 kinds,
B1 = L[eRˆ4]7, B11 = L[eǫ11AR4]2, F1 = L[eR3ψ¯ψ(2)]92 and F2 = L[eR
2ψ¯(2)Dψ(2)]25. Here
L[X]n represents a set of terms in the ansatz which become X by neglecting indices and
gamma matrices. The subscript n is a number of independent terms. The variations of
these terms under local supersymmetry are categorized into 3 types, V1 = [eR
4ǫ¯ψ]116, V2 =
[eR2DRǫ¯ψ(2)]88 and V3 = [eR
3ǫ¯Dψ(2)]51. In order to obtain these independent numbers, we
have to take account of the relations which are derived by the Bianchi identities,
D[aψbc] =
1
4Rij[abγ
ijψc] +DF[abψc] + F
2
[abψc], (8)
γcDcψab =
1
4Rxyabγ
cγxyψc − 2γ
cF[aψb]c + 3γ
cDF[abψc] + 3γ
cF 2[abψc] +Rx[aγ
xψb] − 2D[aγ
cψb]c.
These equations relate terms of [eR3ǫ¯Dψ(2)] with those of [eR
4ǫ¯ψ]. Since the number of terms
is more than two hundreds, it is necessary to build a computer program2. The mechanism
of the cancellation is summarized as
δL[eRˆ4]7 ∼ [eR
4ǫ¯ψ]116⊕[eR
2DRǫ¯ψ(2)]88,
δL[eǫ11AR
4]2 ∼ [eR
4ǫ¯ψ]116,
δL[eR3ψ¯ψ(2)]92 ∼ [eR
4ǫ¯ψ]116⊕[eR
2DRǫ¯ψ(2)]88⊕[eR
3ǫ¯Dψ(2)]51, (9)
δL[eR2ψ¯(2)Dψ(2)]25 ∼ [eR
2DRǫ¯ψ(2)]88⊕[eR
3ǫ¯Dψ(2)]51.
Note that the variations which depend on the 4-form field strength are neglected. The
combination of the ansatz can be determined by requiring the cancellation of the above
variations. The result is that the bosonic terms of the higher derivative corrections are
governed by two parameters as
2κ211SR4 = a ℓ
6
p
∫
d11x e
(
t8t8R
4 +
1
4!
ǫ11ǫ11R
4
)
+ b ℓ6p
∫
d11x e
(
t8t8R
4 −
1
4!
ǫ11ǫ11R
4 −
1
6
ǫ11t8AR
4
)
. (10)
The t8 is a tensor with eight indices, and ǫ11 is an antisymmetric tensor with eleven indices.
Explicit expression of the above equation can be found in ref. [38]. The parameters a and b
can be determined by employing the result of four graviton amplitude in type IIA superstring
theory. In the type IIA language, non-zero a corresponds to the tree level amplitude and
non-zero b does to the one loop3.
2In refs. [38, 39], L[eRˆ4] consists of 13 terms. In this paper we put more restrictions on the form of the
torsion part, and reduce the number of terms. The equation for Dbψab is also used in ref. [39]. In this paper
we do not use that equation since it will make the supersymmetric transformation of the Majorana gravitino
complicate. The necessity of it might be argued when we consider the cancellation of the order O(F 2)
3There should be a dilaton factor e−2φ in the tree level case.
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3 Ansatz for R3F 2 Terms and Their Variations
In the previous section we have neglected the cancellation of terms which depend on the
4-form field strength F . Of course the cancellation of these terms should be checked and
we will execute this procedure in order. In this paper we consider the cancellation of the
variations which are linearly dependent on the 4-form field strength. Since the variations
are linear in F at most, the ansatz for the corrections should be taken into account to the
order of F 2. The terms which linearly depend on F are already listed in the ansatz. New
bosonic terms which are mass dimension eight and quadratic in F should be B21 = L[eR
3F 2].
Besides this ansatz, we should also examine terms which contain more covariant derivatives,
such as [eR2DF 2], [eDR2F 2] or [eRDRDFF ]. These will be important to investigate the
cancellation of terms which include DF , but not so important in this discussion.
Now we added B21 to the ansatz, it is necessary to classify independent terms of this
type. Due to the properties of the Riemann tensor, such as the cyclicity, it is laborious
to write down all possible terms by hand. So basically we rely on a computer program to
execute this task.
First let us pick up a term RabcdRabefRcdefFijklFijkl as an example. By taking indices
of this term, a list l = {{a, b, c, d}, {a, b, e, f}, {c, d, e, f}, {i, j, k, l}, {i, j, k, l}} can be made,
whose m-th part is denoted as l[[m]]. Then we construct a 5 by 5 symmetric matrix,
M =


0 2 2 0 0
2 0 2 0 0
2 2 0 0 0
0 0 0 0 4
0 0 0 4 0

 , (11)
whose (m,n) component is given by the number of overlapping indices between l[[m]] and
l[[n]]. Inversely if the above matrix is given, since the indices {a, b, c, d} of F are uniquely
placed as Fabcd and those of R are placed in two ways as Rabcd or Racbd, corresponding terms
of B21 can be listed like
RabcdRabefRcdefFijklFijkl, RacbdRaebfRcedfFijklFijkl,
RacbdRabefRcdefFijklFijkl, RabcdRaebfRcedfFijklFijkl,
RabcdRaebfRcdefFijklFijkl, RacbdRabefRcedfFijklFijkl, (12)
RabcdRabefRcedfFijklFijkl, RacbdRaebfRcdefFijklFijkl.
The last 6 terms are transformed into the first term up to numerical factors by applying the
relation RcabdRabcd = −
1
2RabcdRabcd repeatedly. Therefore there are two independent terms
which come from the above matrix. In general the matrix M is unique up to permutation
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among three Riemann tensors or exchange of two 4-form field strengths. Furthermore each
component of M is not affected by the properties of the Riemann tensor and the 4-form field
strength. Thus in order to obtain independent terms in B21, it is useful to classify possible
matrices of M in the first place.
Let us consider the classification of the matrices M . The diagonal matrix elements are
zero because the terms which contain the Ricci tensor are excluded out of the ansatz. Each
off-diagonal element is a nonnegative integer and the maximum value is four. The sum of
the components in each row should also be four, and we obtain relations of
M12 = 4−M23 −M24 −M25, M13 = 4−M23 −M34 −M35,
M14 = 4−M24 −M34 −M45, M15 = 4−M25 −M35 −M45, (13)
M23 = 6−M24 −M25 −M34 −M35 −M45.
There remain five parameters of M24, M25, M34, M35 and M45. Note, however, that the
range of former 4 parameters should be from 0 to 2, because RabcdFabce = 0. Then, up to
the permutation among three Riemann tensors or the exchange of two 4-form field strengths,
there are 18 possible matrices of M ,
M [1] =


0 0 0 2 2
0 0 2 0 2
0 2 0 2 0
2 0 2 0 0
2 2 0 0 0

 , M [2] =


0 0 0 2 2
0 0 2 1 1
0 2 0 1 1
2 1 1 0 0
2 1 1 0 0

 , M [3] =


0 0 0 2 2
0 0 3 0 1
0 3 0 1 0
2 0 1 0 1
2 1 0 1 0

 ,
M [4] =


0 0 0 2 2
0 0 4 0 0
0 4 0 0 0
2 0 0 0 2
2 0 0 2 0

 , M [5] =


0 0 1 1 2
0 0 1 1 2
1 1 0 2 0
1 1 2 0 0
2 2 0 0 0

 , M [6] =


0 0 1 1 2
0 0 1 2 1
1 1 0 1 1
1 2 1 0 0
2 1 1 0 0

 ,
M [7] =


0 0 1 1 2
0 0 2 1 1
1 2 0 1 0
1 1 1 0 1
2 1 0 1 0

 , M [8] =


0 0 1 1 2
0 0 2 2 0
1 2 0 0 1
1 2 0 0 1
2 0 1 1 0

 , M [9] =


0 0 1 1 2
0 0 3 1 0
1 3 0 0 0
1 1 0 0 2
2 0 0 2 0

 , (14)
M [10] =


0 0 2 0 2
0 0 2 2 0
2 2 0 0 0
0 2 0 0 2
2 0 0 2 0

 , M [11] =


0 0 2 1 1
0 0 2 1 1
2 2 0 0 0
1 1 0 0 2
1 1 0 2 0

 , M [12] =


0 1 1 0 2
1 0 1 1 1
1 1 0 2 0
0 1 2 0 1
2 1 0 1 0

 ,
M [13] =


0 1 1 0 2
1 0 2 1 0
1 2 0 1 0
0 1 1 0 2
2 0 0 2 0

 , M [14] =


0 1 1 1 1
1 0 1 1 1
1 1 0 1 1
1 1 1 0 1
1 1 1 1 0

 , M [15] =


0 1 1 1 1
1 0 2 0 1
1 2 0 1 0
1 0 1 0 2
1 1 0 2 0

 ,
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M [16] =


0 1 1 1 1
1 0 3 0 0
1 3 0 0 0
1 0 0 0 3
1 0 0 3 0

 , M [17] =


0 1 2 0 1
1 0 2 1 0
2 2 0 0 0
0 1 0 0 3
1 0 0 3 0

 , M [18] =


0 2 2 0 0
2 0 2 0 0
2 2 0 0 0
0 0 0 0 4
0 0 0 4 0

 .
The result is generated by using a computer program, though it is not so difficult to derive
it by hand.
We are now ready to classify terms in B21. As explained in the example, eight terms
are assigned for each matrix of the above. By using the properties of the Riemann tensor,
some of these terms will be transformed into some combination of the other terms. This
manipulation is systematic and is executed again by employing the computer program. In
this way we can write down independent terms for each matrix, and finally obtain 30 terms
for B21,
B21[1] = RmnijRabopRabklFijklFmnop, B21[2] = RmnijRabkoRablpFijklFmnop,
B21[3] = RmnijRakboRalbpFijklFmnop, B21[4] = RlmijRabcnRabckFwijkFwlmn,
B21[5] = RklijRabcdRabcdFwxijFwxkl, B21[6] = RiamnRjbopRabklFijklFmnop,
B21[7] = RiamnRobjkRablpFijklFmnop, B21[8] = RiamnRobjkRalbpFijklFmnop,
B21[9] = RialmRbcjnRabckFwijkFwlmn, B21[10] = RialmRbjcnRabckFwijkFwlmn,
B21[11] = RialmRbcjkRabcnFwijkFwlmn, B21[12] = RiaklRbcdjRabcdFwxijFwxkl,
B21[13] = RabklRcdijRabcdFwxijFwxkl, B21[14] = RabikRcdjlRabcdFwxijFwxkl,
B21[15] = RaibkRcjdlRacbdFwxijFwxkl, B21[16] = RablmRacinRbcjkFwijkFwlmn, (15)
B21[17] = RablmRaicnRbcjkFwijkFwlmn, B21[18] = RabklRacdiRbcdjFwxijFwxkl,
B21[19] = RabklRacdiRbdcjFwxijFwxkl, B21[20] = RabilRacjmRbkcnFwijkFwlmn,
B21[21] = RaiblRajcmRbkcnFwijkFwlmn, B21[22] = RabikRacdlRbcdjFwxijFwxkl,
B21[23] = RabikRacdlRbdcjFwxijFwxkl, B21[24] = RaibkRacdlRbcdjFwxijFwxkl,
B21[25] = RaibkRacdlRbdcjFwxijFwxkl, B21[26] = RaibjRacdeRbcdeFwxyiFwxyj ,
B21[27] = RabcjRadeiRbcdeFwxyiFwxyj , B21[28] = RabcjRadeiRbdceFwxyiFwxyj ,
B21[29] = RabcdRabefRcdefFwxyzFwxyz, B21[30] = RacbdRaebfRcedfFwxyzFwxyz.
The matrix M [15] generates four terms of B21[22], B21[23], B21[24] and B21[25], and other
matrices generate two terms at most.
The variations of the terms in B21 can be obtained by applying the supersymmetric
transformations (3). Since in this paper we are concerned with the cancellation of the
variations which are linear in F , we only vary the 4-form field strength. The variations
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which include DF are also neglected. Then the variations of the terms in B21 under the
local supersymmetry are sketched as
δL[eR3F 2]30 ∼ [eR
2DRFǫ¯ψ]. (16)
For example, the variation of B21[30] is calculated as
δ(eRacbdRaebfRcedfFwxyzFwxyz) ∼ 72 eRacbdRaebfDwRcedfFwxyz ǫ¯γxyψz. (17)
Here the partial integral is used so that the covariant derivative does not act on the fermionic
parameter. The variations of remaining 29 terms can also be obtained by hand. Due to
the properties of the Riemann tensor, however, those expressions are complicatedly related
to each other in general. Therefore it is necessary to classify all independent terms in
V11 = [eR
2DRFǫ¯ψ]1563. Compared to the bosonic case, the classification of this type is
much more laborious because of the existence of additional indices coming from gamma
matrices. Then it in inevitable to employ a computer program, and the output shows that
V11 contains 1563 independent terms.
4 Result of the Cancellation
Our concern is the cancellation of the variations to the order of F . The ansatz considered so
far is B1, B11, F1, F2 and B21. The variations of B21 make the terms in V11 which are linear
in the 4-form field strength. The variations of B1, B11, F1 and F2 consist of the terms in V11
and V12 = [eR
3F ǫ¯ψ(2)]513. The classification of V12 is also executed by using the computer
program, and the output shows that there are 513 independent terms.
Unfortunately the variations of the above ansatz do not cancel completely, so we need
to add more terms to the ansatz. These terms are bilinear in the Majorana gravitino and
listed as
F11 = L[eR
3Fψ¯ψ]447, F12 = L[eR
2Fψ¯(2)ψ(2)]190,
F13 = L[eR
2DFψ¯ψ(2)]614, F14 = L[eRDFψ¯(2)Dψ(2)]113. (18)
The subscript number represents that of independent terms. The variations of these terms
consist of V11, V12 and V16 = [eR
2DDFǫ¯ψ(2)]151. The last type V16 is taken into account
since these terms are potentially related to V12 by the relation (4). Detailed explanation will
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be given in ref. [41]. The cancellation mechanism is sketched in the following table.
δL[eR4]7 ∼ [eR
2DRFǫ¯ψ]1563,
δL[eǫ11AR
4]2 ∼ [eR
2DRFǫ¯ψ]1563,
δL[eR3ψ¯ψ(2)]92 ∼ [eR
3F ǫ¯ψ(2)]513,
δL[eR2ψ¯(2)Dψ(2)]25 ∼ [eR
3F ǫ¯ψ(2)]513,
δL[eR3F 2]30 ∼ [eR
2DRFǫ¯ψ]1563, (19)
δL[eR3Fψ¯ψ]447 ∼ [eR
2DRFǫ¯ψ]1563⊕[eR
3F ǫ¯ψ(2)]513,
δL[eR2Fψ¯(2)ψ(2)]190 ∼ [eR
3F ǫ¯ψ(2)]513,
δ[eR2DFψ¯ψ(2)]614 ∼ [eR
3F ǫ¯ψ(2)]513⊕[eR
2DDFǫ¯ψ(2)]151,
δL[eRDFψ¯(2)Dψ(2)]113 ∼ [eR
3F ǫ¯ψ(2)]513⊕[eR
2DDFǫ¯ψ(2)]151.
Note that we only considered the variations which are linear in F . If we examine the
cancellation of the terms which include DF , we need to add L[R2DF 2] to the ansatz4.
The cancellation among the variations of V1, V2, V3, V11, V12 and V16 is examined by
building a computer program. There are 2482 linear equations among 1520 coefficients in
the ansatz, and solution for the bosonic part is written as
2κ211SR4
= ℓ6p
∫
d11x e
{
b
24
(
t8t8R
4 −
1
4!
ǫ11ǫ11R
4 −
1
6
ǫ11t8AR
4
)
+
(
−
b6
4
+
b10
16
−
b11
8
− b13 −
b22
8
−
b23
8
−
b24
8
−
b25
8
+
3b28
8
+
9b30
2
)
B21[1]
+
(
−
68b
3
−
b6
2
−
b7
2
−
b9
4
−
3b10
8
−
b11
4
+
b17
2
+
b19
2
−
b21
8
+
b22
2
+
b23
2
+
b24
2
+
b25
4
−
3b28
2
− 30b30
)
B21[2] +
(68b
3
+ b7 + b8 +
b10
2
− b16 − b17 − b18 − b19 −
b21
4
−
b22
2
−
b23
2
−
b24
2
−
b25
2
+
3b28
2
+ 30b30
)
B21[3] +
(
b19 − 6b26 − 36b30
)
B21[12]
+
(b22
2
+
b23
4
+
b24
4
−
3b27
4
−
3b28
2
)
B21[14] +
(
− b22 − b23 − b24 − b25 + 3b28 (20)
+ 36b30
)
B21[15] +
(
−
32b
3
+ 2b22 + 2b23 − 6b28 − 48b30
)
B21[20]−
b30
2
B21[29]
+ b4B21[4] + b5B21[5] + b6B21[6] + b7B21[7] + b8B21[8] + b9B21[9] + b10B21[10]
+ b11B21[11] + b13B21[13] + b16B21[16] + b17B21[17] + b18B21[18] + b19B21[19]
+ b21B21[21] + b22B21[22] + b23B21[23] + b24B21[24] + b25B21[25] + b26B21[26]
+ b27B21[27] + b28B21[28] + b30B21[30]
}
.
4The variations of L[R2DF 2] will also include V16. These terms are neglected in this paper but will be
considered in the other place.
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Remarkable result is that the combination of the R4 terms is completely fixed by the local
supersymmetry. The structure of these terms is consistent with one-loop calculations in the
type IIA superstring theory. On the other hand the structure of the R3F 2 terms is not
so clear. In order to determine a combination of these terms, we need to investigate the
cancellation of the terms which include DF or F 2.
5 Conclusion and Discussion
The higher derivative terms in the M-theory are investigated by applying the Noether
method. The cancellation of the variations under local supersymmetry is examined to the
order linear in the 4-form field strength F . Since the calculations are hard, we heavily
employed the computer program to check the cancellation.
The bosonic part of the ansatz consists of 39 terms, B1, B11 and B21, and the fermionic
part of the ansatz does of 1481 terms, F1, F2, F11, F12, F13 and F14. The variations of the
ansatz are expanded by 2482 terms, V1, V2, V3, V11, V12 and V16. By requiring the cancellation
of these variations, we obtain 2482 linear equations among 1520 coefficients in the ansatz.
Then the coefficients of the bosonic part is solved as the eq. (20). Remarkably the structure
of the R4 terms is uniquely determined by the requirement of the local supersymmetry.
This result exactly matches with the fact that the one-loop effective action in the type IIA
superstring theory survives after taking gs →∞.
On the other hand R3F 2 terms cannot be fixed completely. In order to determine the
structure of these terms, we need to proceed to the cancellation of terms which depend on
DF or F 2. The cancellation of the terms which contain DF will require R2DF 2 terms in
the ansatz, and it may fix both R3F 2 terms and R2DF 2 terms. Then it becomes possible to
compare the result with that obtained by the scattering amplitudes of type IIA superstring
theory[42]. It is also important to check the consistency to the result obtained by the
superspace formalism or the IIB matrix model[37, 43].
As a conclusion the local supersymmetry seems to determine the structure of the higher
derivative corrections in M-theory uniquely. Similar statement can be found in the context
of D-particle dynamics[44]. We will succeed the procedure executed in this paper and de-
termine the structure of the higher derivative corrections in M-theory completely. After the
determination of the action, applications to black hole physics or cosmology will become
interesting future directions[45, 46].
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